Rationale: Plasmablastic lymphoma (PBL) is a rare subtype of human immunodeficiency virus (HIV)-related non-Hodgkin's lymphoma that predominantly manifests in the oral cavity.
Introduction
Plasmablastic lymphoma (PBL) is a rare and aggressive variant of diffuse large B-cell lymphoma that predominantly occurs in the oral cavity of individuals infected with human immunodeficiency virus (HIV). [1] However, there has been a recent increase in the number of reported PBL cases in immunocompetent patients. First described by Delecluse et al as occurring in HIV patients, [2] PBL has now been labeled as a new disease entity in the 4th WHO classification and remains a diagnostic and therapeutic challenge because of the expression of plasma cell-associated markers. [3, 4] Here, we present 3 cases of PBL in HIV-negative patients. We also review the current literature concerning HIV-negative PBL, its clinicopathological features, immunophenotype, and current modes of treatment. Informed consent was obtained from each patient presented in this report, and the study was approved by the Institute Research Ethics Committee at Zhengzhou University.
Case 1
A 52-year-old male was admitted to the Department of Respiratory Medicine in our hospital owing to dyspnea and durative dorsal pain on the left side, the pain got worse in activity while relief when rest. The patient had previously undergone removal of his left testis at a local hospital because of swelling. Upon physical examination, he was not suffering from weight loss, fever, or night sweats. The patient's laboratory data are summarized in Table 1 .
The level of hepatitis B antigens were normal and serum antibodies for hepatitis C, HIV, and syphilis were negative. A bone marrow biopsy revealed a 72.4% plasma cell level (Fig. 1A) .
The patient then underwent a whole body positron emission tomography-computed tomography (PET-CT) scan, which revealed hypermetabolic masses in most organs. Immunohistochemistry of biopsy showed that tumor cells exhibited a diffuse growth pattern ( Fig. 2A and B) and were strongly positive for CD38 (Fig. 2C) , CD138 (Fig. 2D) and MUM-1, weakly positive for CD43, IgG kappa ( Fig. 2E ) and IgG lambda (Fig. 2F) , and negative for creatine kinase (CK), CD20 (Fig. 2H) , CD79a, CD3 (Fig. 2G) , CD10, Bcl-6, CD30, and CD56. In situ hybridization demonstrated the sample was negative for EBV-encoded RNA (EBER). The proliferation index, as indicated by Ki-67 immunohistochemistry, was over 80% (Fig. 2I) .
The patient was treated with the combination of hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating with high-dose methotrexate and high-dose cytarabine, also known as Hyper-CVAD. He completed 5 cycles uneventfully, and clinical remission was achieved after 4 cycles (Fig. 1B) . However, this was still considered to be an aggressive case because of ongoing abdominal distension, and a CT scan revealed a mass in the abdomen. Further treatment options were discussed, but after consideration only palliative care was pursued. The patient died approximately 6 months after receiving chemotherapy.
Case 2
A 20-year-old male arrived at our hospital with complaints of fever and abdominal distension. Physical examination revealed a 38.4°C temperature, severe splenopathy, and no enlargement of superficial lymph nodes. Laboratory results are shown in Table 2 . Biochemical analyses of plasma demonstrated that hepatic and renal functions were both within normal limits, whereas lactic dehydrogenase (LDH) and b2-micorglobulin (b2-MG) levels were above normal limits (565 U/L and 3.85 mg/L, respectively). Serology results were negative for syphilis, hepatitis B and C, and HIV. Serum tumor markers were normal. An abdominal mass (maximum: 59 mm Â 50 mm), splenomegaly, and left pleural effusion were observed on chest and abdominal CT scans. A bone marrow biopsy showed no abnormalities. Laparoscopic biopsy of retroperitoneal lymph nodes was preliminarily diagnosed as Bcell non-Hodgkin's lymphoma of uncertain classification. Considering the patient's rapid disease development, we administered 1 cycle of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) without antiretroviral therapy. Meanwhile, biopsy samples were sent to the Beijing Friendship Hospital for consultation and diagnosis. Immunohistochemical analysis indicated that tumor cells were positive for CD38, MUM-1, PAX-5, CD30, and IgG lambda, weakly positive for IgG kappa, and negative for CD20, CD3, and ALK. The proliferation index, as indicated by Ki-67 immunohistochemistry, approached 90%. The large neoplastic cells were diffusely positive for EBER, as shown through in situ hybridization. Finally, a diagnosis was made of stage IV PBL (retroperitoneal primary, left pleural effusion); thus, another cycle of CHOP followed. At the end of the second cycle of therapy, the patient's performance status improved and CT reexamination demonstrated that the left pleural effusion disappeared and masses in the retroperitoneum were significantly reduced. Evaluation of response to therapy was partial remission; however, a CT scan after 6 cycles of CHOP revealed stable disease. We then altered the chemotherapy regimen to Hyper-CVAD for further treatment. To our disappointment, the primary mass increased after 1 course of Hyper-CVAD. Subsequently, a multiple-agent chemotherapy regimen consisting of hydroxycamptothecin, oxaliplatin, methylprednisolone, and dacarbazine, widely used for the treatment of relapsed or refractory B-cell lymphoma, was chosen to control the disease. The patient obtained complete remission after receiving 2 courses this regime. To date, the patient has undergone thalidomide maintenance therapy for 4 months and is still alive.
Case 3
A 60-year-old male was admitted with the chief complaint being swelling on the left side of the jaw. The patient had been diagnosed with hypertension in 2003, which had since been wellcontrolled. Additionally, the patient underwent successful treatment for scrofula and malaria several years prior.
The patient underwent an operation, and the initial laboratory data are shown in Table 3 . Both serum and urinary immunofixation electrophoresis were negative, except IgG (24.10 g/L). Hepatitis B antigen levels were normal, and the serum was negative for antibodies against hepatitis C, HIV, and syphilis. A bone marrow biopsy revealed a 66.8% plasma cell level, and a CT scan showed bilateral masses in lymph nodes of neck. Immunohistochemistry showed the atypical cells were positive for CD38, CD138, and MUM-1, and negative for CD20, PAX5, CD79a, CD3, CD43, CK, CD10, Bcl-6, and CD23. The proliferation index, as indicated by Ki-67 labeling, was over 90%.
The patient received 4 cycles of etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin (EPOCH) chemotherapy and 1 cycle of etoposide, cytarabine, cisplatin, and dexamethasone but continued to clinically deteriorate, ultimately developing multiorgan failure. The patient died approximately 6 months later. A comparison of the clinical and pathological features in our 3 cases is summarized in Table 4 .
Discussion
PBL is a rare disease that mostly involves the oral cavity of HIVpositive individuals. However, an increasing number of cases have been reported in HIV-negative individuals, as well as occurrences in extra-oral regions, including the nasal cavity and sinus, gastrointestinal tract, skin, and lymph nodes. Using the keywords "plasmablastic lymphoma and human immunodeficiency virus-negative or immunocompetent," we found a vast number of published reports on PubMed. Only cases with a definitive pathologic diagnosis of PBL and description of no HIV infection were selected. A total of 128 cases (including our own) of HIV-negative PBL were described in case reports or in small sample case analyses between February 1997 and July 2015. [1] [2] [3] HIV-negative PBL occurred in a wide spectrum of patients between the ages of 2 and 86 years, with a mean age at diagnosis of 58.41 years. Not surprisingly, HIV-negative PBL mostly occurred in older patients. As shown in Table 5 , patients over 60 years old accounted for 55.47% of all cases. There was a 2:1 ratio of male-to-female patients with HIV-negative PBL. With respect to clinical staging, stage IV was the most common, and stage I was the second-most common. Although stage IV occurred in 44.35% of the cases, bone marrow involvement was noted in only 16.49% of cases. However, bone marrow involvement was detected in some cases after relapse. The majority of primary sites were extra-nodal; 24.04% occurred in the oral cavity, 19.23% in the nasal and sinus cavities, 21.15% in the gastrointestinal tract, and 6.73% on the skin.
As shown in Table 6 , the plasma cell markers CD38, VS38c, CD138, and MUM1 were universally expressed in HIV-negative PBL cases. A majority of patients (54.84%) expressed epithelial membrane antigen, and CD45 was variably expressed, positive in 44.23% of patients. A total of 41.43% of cases had CD79a expression, and only a few cases expressed the B-cell marker CD20 (only 1 case +, 7 cases± ). Notably, a minority of patients expressed the T-cell markers CD3 (12.07%) and CD5 (12%). Furthermore, 25% of patients expressed the natural killer-cell marker CD56. EBV infection was common in HIV-negative PBL, involved in 58.42% of the patients. Ki-67 expression, which indicates an aggressive phenotype, was universally high, with a mean value of 83%.
As Table 7 shows, 19.35% of the patients received surgery, 33.33% underwent radiotherapy, whereas a majority (83.17%) received chemotherapy. The complete remission, partial remission, and refractory rates were 51.25%, 17.50% and 27.50%, respectively. The median overall survival was approximately 19 months. The 1-and 2-year survival rates were 50.92% and 42.34%, respectively. There is no standard chemotherapeutic regimen for HIV-negative PBL, and the reported chemotherapeutic regimens included CHOP, hyper-CVAD, EPOCH, and CODOX-M/IVAC. [64] Aggressive chemotherapeutic treatment regimens were not found to produce statistically significant improvements in outcome. Further study of MYC translocations, which are usually associated with Burkitt's lymphoma, may help us better understand the disease mechanism and guide future pharmacological research and chemotherapeutic regimens. [65] There were several features associated with better survival, including use of antiretroviral therapy, clinical stage, and autologous stem cell transplantation. Autologous stem cell transplantation could be of benefit for short-term disease-free survival. Additionally, the proteasome inhibitor Bortezomib may become a new therapeutic option for PBL given the dramatic responses from previous results. Although PBL cells morphologically resemble B-cell immunoblasts, they show the typical immunophenotype of plasma cells, expressing CD38, CD138 and MUM1, and variably expressing CD79a, CD56, CD45, CD10, CD30, and EBER. CD20 and PAX5 are not expressed in PBL cells. [4] It is difficult to distinguish PBL from plasma cell myeloma (PCM), especially in cases of extra-oral sites without HIV infection. In many PBL cases the clinical manifestation of the disease include markers that are also important diagnostic indicators for PCM, such as osteolytic lesions, diffuse bone marrow involvement, and the presence of M protein. Similarly, the frequent association with HIV and Epstein-Barr virus infections and common manifestation in the oral cavity are useful for diagnosing PBL. However, with atypical clinical features, both PCM and PBL can pose significant diagnostic challenges. [66] In a recent case report and literature review of HIV-negative PBL patients, no previous cases of primary testis involvement were reported; to our knowledge, Case 1 is the first reported case. To date there are only 3 patients with a longer OS than Case 2. After reviewing 128 PBL cases, we conclude that in cases where a male patient presents with an atypical immunophenotype and the previously described clinical features a definitive pathological diagnosis is the cornerstone of proper management and should precede any therapeutic approach. Since PBL is usually disseminated at the time of the initial diagnosis, it is unknown whether the primary site affects disease outcomes. [56] In conclusion, these cases served to broaden the reported clinical spectrum of HIV-negative PBL, which mostly arises in the oral cavity of HIV-positive patients. Extra-oral PBL, often found in HIV-negative patients, was highly invasive with poor prognosis and clinical manifestations and treatment varied in the 3 cases. Clinicians and pathologists need to be familiar with lymphoma in the identified extra-oral PBL variation and the relevant differential diagnosis procedures for this particular disease. Patients with immune suppression should also be suspected of having PBL; only in this way will there be an appropriate therapeutic approach and improved outcomes.
